Introduction
Ascites is a common clinical complication of different diseases. The commonest cause of ascites is liver cirrhosis (80%) followed by peritoneal malignancy (10%), tuberculous peritonitis (2%), congestive cardiac failure, nephrotic syndrome, and others (3%) [1, 2] . Various parameters like ascitic fluid physical examination, cell count, total protein concentration, Serum Ascitic Fluid Albumin Gradient [SAAG] , cytology, cholesterol, amylase, lactic acid dehydrogenase, adenosine deaminase, and fibronectin levels have been used to differentiate exudative (ascitic fluid total protein>2.5 gm %) and transudative (ascitic fluid total protein ≤ 2.5 gm %) ascites of different etiologies [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
The physiologically based approach to classify ascites by Serum Ascites Albumin Gradient (SAAG) has completely replaced the traditional way of classification as transudate and exudate [4, 8, 9] . A high albumin gradient (≥ 1.1 gm %) is usually associated with increased portal pressure as in cirrhosis and a low gradient (<1.1gm%), in conditions where ascites is not related to portal hypertension, but due to peritoneal cause as in peritoneal malignancy, tuberculous peritonitis, metastatic peritoneal deposits [4, 9, 22] . In patients with low albumin gradient the ability to differentiate malignant ascites from other etiologies is a major problem. Although ascitic fluid cytology is considered as a gold standard for malignancy, its diagnostic sensitivity is only 64% [23] .
Some studies have proved an increased ascitic fluid cholesterol levels in patients with malignant ascites. Along with it, Serum Ascites Cholesterol Gradient (SACG) aids in differential diagnosis of ascites [23] [24] [25] . Few studies have related the serum & ascitic fluid -total protein, albumin, cholesterol & their gradients (SAAG, SACG) in differential diagnosis of ascites.
one. The study was carried out on patients with ascites admitted to Tropical Medicine and Gastroenterology Department, Assiut University Hospital during the period from June, 2012 to December, 2012. The study included 115 patients of ascites of different etiologies -80 patients with liver cirrhosis, 20 patients with tuberculosis, and 15 patients with malignant ascites (7 gastrointestinal neoplasms, 4 mesothelioma, and 4 ovarian cancers).
Patients with spontaneous bacterial peritonitis, cirrhosis with hepatocellular carcinoma, ascites due to other etiologies such as nephrotic syndrome, mixed causes of ascites (cirrhosis with tuberculosis, cirrhosis with malignancy) were excluded from the study.
All patients were subjected to:
1. Clinical evaluation (medical history and physical examination).
Abdominal ultrasonographic examination.
3. Liver function tests (serum levels of total and direct bilirubin, albumin, alanine aminotransferase, aspartate aminotransferase, and alkaline phosphatase)
4. Prothrombin time estimation.
5. Serum lipid profile.
6. Ascitic lipid profile and ascitic fluid albumin.
7. Complete blood count.
8. Other investigations that may be helpful in diagnosis the cause of ascites (if needed) as: GIT endoscopies, laparoscopy, ascitic fluid culture, cytology, CT abdomen, erythrocyte sedimentation rate estimation.
Twelve hours-fasting blood and ascitic fluid samples were simultaneously collected under aseptic technique from all patients. Venous blood samples were allowed to clot in Wassermann tubes, sera were obtained by centrifugation. Ascitic fluid samples were collected by paracentesis (details), centrifuged and supernatants were separated into new Wassermann's tubes. Albumin, cholesterol, triglycerides, HDL levels were measured in sera and ascitic fluid supernatants using automated analyzer (Dimension clinical chemistry system, Siemens Healthcare Diagnostics Inc, USA). VLDL and LDL values were calculated using Friedewald formula [26] . Then, serum-ascites gradients for albumin and lipids were calculated using the formula: "Serumascites X gradient = X concentration in serum -X concentration in ascitic fluid", where X refers to the substance of interest (e.g., albumin or lipids).
Ethical Aspects
Before enrollment in the study, all participants signed a consent certificate. Before signing, they were able to discuss in details with the investigator certificate subjects and the study aim. Participants were clearly informed that refusing to participate in the study will not affect having full benefit from available medical service and treatment.
Data were collected by personal interview with participants taking in consideration data confidentiality. The study was approved by the Faculty of Medicine Ethical Committee -Assiut University.
Statistical Analysis
Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS-version 17). All data was expressed as mean ± SD or frequencies. For statistical evaluation, Student T test was used. Significance was accepted at p<0.05.
Results
Demographic, clinical, and laboratory characteristics of patients with ascites are shown in Table 1 . The study included 115 patients of ascites of different etiologies -80 patients with liver cirrhosis (59 male and 21 female), 20 patients with tuberculosis (7 male and 13 female), and 15 patients with malignant ascites(11 male and 4 female).
Ascitic fluid Total protein and Ascitic fluid Albumin levels of cirrhotic group are significantly lower than Tuberculosis or malignant group. Serum Ascites Albumin Gradient (SAAG) of cirrhotic group is significantly higher than Tuberculosis or malignant group as shown in Table 2 .
Serum lipid profile (T.cholesterol, TG, HDL, and LDL) decreases significantly in cirrhotic patients with ascites than Tuberculosis or malignant group but no significant difference between Tuberculosis and malignant group as shown in Table 3 .
Ascitic fluid lipid profile (T.cholesterol, TG, HDL, and LDL) decreases significantly in cirrhotic patients than Tuberculosis or malignant group but no significant difference between Tuberculosis and malignant group as shown in Table 4 .
Serum Ascites lipid gradient (T.cholesterol, TG, HDL, and LDL) levels are significantly higher in cirrhotic patients than Tuberculosis or malignant group but no significant difference between Tuberculosis and malignant group as shown in Table 5 .
The levels of SALG correlate with severity of cirrhosis (Childs grade) but without statistically significant difference as shown in Tables  6 and 7 .
Discussion
Many diseases are complicated by ascites. The most common cause of ascites is portal hypertension; secondary to liver cirrhosis, but in about 20% of cases there is an extrahepatic cause and 5% have more than one cause of ascites (mixed) -usually cirrhosis with either tuberculosis or malignancy [27] .
Serum Ascites Albumin Gradient (SAAG) was adopted as a newer and more physiological approach to classify ascites on the basis of presence or absence of portal hypertension [9, 22, 28] . Hoefs et al. [29] established a cutoff value of 1.1 g/dL, it was supported by various other studies [9, 22, 28] . Also, our study show similar results. SAAG can differentiate cirrhotic from non-cirrhotic ascites. If the SAAG is 1.1 g/dL or greater the patient is considered to have portal hypertension. Conversely if the SAAG is <1.1 the patient is unlikely to have portal hypertension like tuberculosis. But according to the study by Lu CW et al. [30] SAAG was not as useful. Presently SAAG is included in the guidelines of investigations recommended on the management of ascites in cirrhosis by American Association of the Study of Liver Disease [AASLD] and British Society of Gastroenterology [1, 2] .
Our study disclosed that serum lipid profile (T.cholesterol, TG, HDL, and LDL) decreases significantly in cirrhotic patients with ascites. The results of this study are similar with previous study by Ghadir and colleagues [31] . They reported that serum lipid profile was significantly lower in cirrhotic patients than the control group which is reasonably expected since liver biosynthesis has been reduced. Also, the present study is similar to studies from the western world which documented that all the lipid fragments in cirrhotic patients are lower than in control [32, 33] . Sharatchandra et al. [24] reported that serum lipid profile was significantly lower in cirrhotic patients than tuberculous and malignant patients and our study show the same results.
Like SAAG, Serum Ascites Lipid Gradient (SALG) is also a subtraction of serum and ascitic fluid values of lipid fractions. Regarding the necessity of more evaluations about the association between SALG and SAAG our study was designed to find a simple and cost effective test in order to differentiate between cirrhotic, malignant, and tuberculosis ascites. Few authors [34] have reported on SALG on cholesterol only. They have found the SALG (cholesterol) in cirrhotic, malignant, and tuberculous groups were 118.3 ± 1.9, 88.6 ± 3.6, and 56.5 ± 2.6 respectively. We have found SALG (cholesterol) values in cirrhosis, tuberculosis, and malignant group were 97.9 ± 28.6, 52.7 ± 32.35, and 49.4 ± 28.64 respectively. There was a significant difference between cirrhosis and tubercular or malignant ascites (p<0.05). Our results were consistent with the study of Sharatchandra et al. [24] . Ascitic fluid cholesterol and SACG are better markers to differentiate malignant ascites from cirrhotic and tuberculous ascites [35] but in our study, Ascitic fluid cholesterol and SACG are better markers to differentiate cirrhotic ascites from tubercular or malignant ascites and this is contrary to Dharwadkar and Bijoor study who documented that SACG is not a good marker to differentiate tuberculous ascites and cirrhotic ascites [36] .
In our study, the gradient was significantly higher in cirrhotic ascites compared to tuberculous and malignant ascites, in triglyceride (74.7 ± 28.2 versus 56.9 ± 48.0 and 48.3 ± 29.23), HDL cholesterol (28.67 ± 9.11 versus 18.53 ± 15.7 and 14.7 ± 14.8), and LDL cholesterol (55.7 ± 26.1 versus17.93 ± 38.5 and 28.5 ± 13.65) respectively in differentiating high albumin gradient ascites from low albumin gradient ascites. These results were consistent with the study of Sharatchandra et al. [24] . However, SALG was not superior to SAAG in our studied groups.
Portal hypertension in liver cirrhosis with ascites, though exactly not known, has been described to be related to many theories -thereby having a high hydrostatic pressure gradient between the portal bed and ascitic compartment. Interestingly, hypercholesterolaemia has been described in alcoholic liver cirrhosis [37] . However, an exact pathophysiological relationship between lipid gradients and portal hypertension is difficult to explain. It is hypothesized that there might be some factors related to lipid gradients which will indirectly reflect the abnormally high hydrostatic pressure gradient between the portal system and peritoneal compartment. On the other hand chylous ascites is most often the result of lymphatic obstruction from trauma, tumor, tuberculosis, filariasis, congenital abnormalities, or nephrotic syndrome; and rarely from liver cirrhosis. Our study showed significantly higher value of SALG for the portal hypertension group as compared to the other two groups without portal hypertension (p<0.05). Malignant ascites had the lowest gradient among the three groups studied, for all parameters except for LDL. The cut-off SALG values being 67 mg%, 66 mg%, 26 and 49 mg% in cholesterol, triglyceride, HDL cholesterol, LDL cholesterol respectively in differentiating cirrhotic ascites from tuberculosis or malignant ascites and these results were near the study of Sharatchandra et al. [24] .
In our study, A close relationship between the levels of SALG and severity of cirrhosis is found but it is not significant and to the best of our knowledge, no study has been done till date to address this topic.
Conclusion
SAAG is still the best marker to differentiate cirrhotic ascites from tuberculous or malignant ascites. SALG can be used as a screening test in ascitic patients as it may give clue to the possible etiology, and help in planning further investigative modalities in ascitic patients. In the present study SALG can be differentiate cirrhotic from tuberculous and malignant ascites. This is a simple and cost effective method for differentiation the etiology of ascites in developing countries. 
